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1 OVERVIEW 
1.1 Purpose of the Document  
In 2007, Michigan Department of Transportation (MDOT) began a widespread deployment of a Road 
Weather Information System (RWIS), beginning in the Upper Peninsula. Through a series of strategically 
placed Environmental Sensor Stations (ESS) in remote rural areas, the RWIS was intended to help better 
identify inclement weather and adverse road conditions at critical locations that do not often receive 
monitoring in order to more efficiently deploy and prioritize maintenance needs and provide improved 
traveler information to motorists. MDOT has continued the deployment of fixed ESS assets throughout 
the state to meet local stakeholder needs and challenges. Newer trends in the data acquisition of road 
weather information have allowed MDOT to collect, process, and disseminate in variety of methods. The 
availability of road weather information on mobile assets such as snow plow vehicles, traditional 
vehicles with on-board communications, and from service providers that use crowd sourced data or 
probes, have enhanced road weather information that is available to stakeholders. 

As MDOT plans the next 5 years of effective deployment of technologies and services for the RWIS 
program, an assessment of all existing and available resources is critical to determine the most prudent 
pathway towards acquiring RWIS data to meet the needs of the stakeholders.  This strategic plan 
discusses how the needs of stakeholders align with the latest available methods for obtaining road 
weather information using an array of technologies that can satisfy user needs. Subsequently, the 
report provides MDOT guidance for future deployment phases to support the road weather program 
and prioritize which investments must occur at the state and regional level.  The report is intended to 
augment the RWIS Strategic Assessment report from July 2014. The intent of the report is not to 
evaluate proposed ITS projects for RWIS-type projects, but rather to provide guidance in developing the 
scope of future RWIS projects to support the overall goals and practices of the department. 
1.2 Vision & Goals  
The vision for the MDOT RWIS program is to have a robust and reliable RWIS that provides users with 
valuable information about road and weather conditions around the entire state of Michigan using an 
array of existing and next generation technologies. The RWIS program will centralize all road weather 
and forecasting data from all available sources and share the data with all internal complementary 
applications to enhance the use of the information for end-users. The RWIS program will require 
statewide and regional based initiatives to ensure a robust system is deployed efficiently to maximize 
the tradeoffs between various technologies and complementary products (fixed, mobile, and crowd 
sourced assets).  Key Goals for the RWIS program are: 

�” Determination of roadway conditions to support winter maintenance decisions, traffic 
operations and motorist advisories.   

�” Provision of enhanced weather forecasts to support efficient decision making.   
�” Support for reporting roadway performance to meet key Transportation Systems Management 

and Operations goals.    
1.3 Use of the Strategic Plan 
This strategic plan is designed to meet the needs of MDOT personnel in charge of road weather 
maintenance and/or traffic operations. It helps to identify what types of resources should be utilized to 
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address specific needs in the respective areas of the state. It further allows regional users to make 
specific decisions about future RWIS investments that meet the overall goals of the statewide RWIS 
program.  These decisions may include, but are not limited to: 

Maintenance Users  

�” Which RWIS resources should be considered to enhance maintenance decision support? 
�” Which RWIS resources should be considered to provide the most optimal forecast based on the 

time domain (0-5 mins, 5 mins �t 1 hr., 1hr �t 6hrs, 6hrs �t 24hrs)?  
�” Which RWIS resources should be considered to enhance treatment and monitoring of known 

trouble areas? 
�” Which RWIS resource will provide the ability to monitor the roadway? 

Traffic Operations 

�” Which resources should be considered to provide near real-time notification to motorists about 
imminent weather conditions ahead of them? 

�” Which resources should be considered to provide near real-time notification to motorists about 
imminent weather conditions at specific locations? 

�” Which RWIS resources should be considered to provide the most optimal forecast based on the 
time domain (0-5 mins, 5 mins �t 1 hr., 1hr �t 6hrs, 6hrs �t 24hrs)?  

�” Which resources should be considered to enhance traffic management during weather events? 
ITS Program Office  

�” Which resources should be considered to address issues that are regionally significant for the 
purposes? 

�” Which resources should be considered to address statewide needs? 
�” Which system applications will support the future RWIS Data Use and Processing environment in 

the most cost effective manner? 
 

1.4 EXISTING MDOT PROGRAM DESCRIPTION 
�D���K�d�[�•�����Æ�]�•�š�]�v�P���Z�t�/�^��is comprised of a variety of field resources that acquire near-real time road 
weather information and systems that collect, store, process and disseminate the information for the 
end users. ���������š���]�o�����������•���Œ�]�‰�š�]�}�v���}�(���D���K�d�[�•���Z�t�/�^���•�Ç�•�š���u�������v���������(�}�µ�v�����]�v�����‰�‰���v���]�Æ�����X�����d�Z�������‰�‰���v���]�Æ��
provides a brief overview of the resources and systems currently supporting the RWIS program in 
Michigan.   
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2 New Trends in RWIS Data Acquisition 
This section provides an analysis of mobile data opportunities to support road weather management 
(RWM) functions in the State of Michigan.  The analysis is based on market trends and examines 
connected vehicle (CV) sourced data and commercial weather services.   

2.1 Connected Vehicle Sourced Data 
There are emerging acquisition technologies in the CV environment that can provide end users with a 
denser, hyper-local resource for decision-making. These CV applications continue to emerge and serve 
as data collectors that anonymously transmit traffic, weather, and road condition information. This data 
can provide MDOT with the information necessary to assess operational and environmental conditions 
of roadways.  Many new vehicle models are now capable of collecting a range of data elements that can 
augment data that is already sourced from fixed sensors to identify and implement the most beneficial 
roadway treatment or TSMO strategy.  Data elements sourced from CVs can be categorized as 
�^�K���•���Œ�À�����������š�������o���u���v�š�•�_���~���]�Œ�����š���}���•���Œ�À���š�]�}�v�•���}�(�����š�u�}�•�‰�Z���Œ�]�������}�v���]�š�]�}�v�•�•�U�����v�����^�/�v�‰�µ�š�������š�������o���u���v�š�•�_��
(Used in conjunction with observed data to determine roadway conditions).1   

One telematics service provider that partners with automobile manufacturers began using onboard 
sensors in CVs to collect data elements to create real-time views of roadway conditions in 2017.  Sensor 
data related to the speed, direction, vehicle location, hard braking, rain, windshield wiper usage, tire 
traction and fog light usage will be collected, processed, and combined with data from other sources 
(such as commercial weather service providers, other mobile devices, other equipped vehicles, and 
infrastructure components).  The data will then be distributed to other vehicles subscribed to the same 
service.  As this service evolves initially it will only be available on vehicles manufactured by three 
companies that are currently in partnership with the telematics service provider.  It is important to note 
that today, 70 percent of global connected service sales come from premium vehicles.  It is estimated 
that by 2022, that number is expected to fall to 50 percent as an increasingly number of lower end 
vehicles become equipped.2 

2.2 Weather as a Service 
Commercial weather service providers (CWSP) ���}�v�š�]�v�µ�����š�}�����u���Œ�P�����š�}���‰�Œ�}�À�]�������^�Á�����š�Z���Œ�����•�������•���Œ�À�]�����_���š�}��
government, private industry and consumers for a fee and as in-kind services based on memorandum of 
understanding between parties.  In part these services are provided to users that want reliable, accurate 
and timely weather data delivered directly into vehicles to ensure the safest and most efficient trip 
possible.  This data can also be used by MDOT to support operational decisions.   

Several approaches are commercially available to deliver weather as a service.  Some service providers 
specifically focus on providing detailed transportation specific information.  These services ingest data 
from a range of sources allowing modeling ���v�������v���o�Ç�•�]�•���}�(���š�Œ���(�(�]���������š�����š�}�P���š�Z���Œ���Á�Z�]���Z�����o�o�}�Á�•���(�}�Œ���^�Z�Ç�‰���Œ-
�o�}�����o���(�}�Œ�������•�š�]�v�P�X�_�����/�v���š�µ�Œ�v���À���Z�]���o����operators, can be provided with map-based safety alerts related to a 
range of environmental factors, including:  
                                                             
1 Vehicles as Mobile Weather Observation Systems.  Mahoney, Bill; Drobot, Sheldon; Pisano, Paul; McKeever, Ben; 
���v�����K�[�^�µ�o�o�]�À���v�U���:�]�u�X���� 
2 http://www.strategyand.pwc.com/reports/connected-car-2016-study  
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�” Precipitation - Current precipitation levels to help mitigate the risk of hydroplaning. 
�” Wind Speed �t Extreme wind condition warnings to assist operators of high-profile and light 

vehicles.  
�” Icing - Current accumulations of freezing precipitation. 
�” Hail �t Real-time view of hail storm threats.    
�” Lightning - Regional maps of lightning risk locations.    
�” Low Visibility - Real-time map-based views of locations where fog and other airborne elements 

such as dust and sand are present.    
Commercial weather service providers are also available to provide analytics for hazardous weather 
detection and prediction, high-resolution point-specific forecasts, and content for mobile applications 
and interactive mapping services.  These services typically ingest information from surface weather 
observation stations through the Meteorological Assimilation Data Ingest System (MADIS) and rely on a 
propriety predictive models internal to the organization, and numeric weather prediction models 
provided by the United States National Centers for Environmental Protection (NCEP).3  CWSP provide 
updates of current weather observations and 24-hour forecasts at least hourly and updates to 10-day 
forecasts every 12 hours.  Weather data provided via commercial weather services at a minimum 
generally includes: 

�” Time of observations.  
�” Observed air temperature.  
�” Apparent air temperature �t (approximation of what the air temperature may feel like to an 

observer).  
�” Observed relative humidity. 
�” Derived dew point temperature, 
�” Observed wind speed and gusts.  
�” Observed wind direction. 
�” Observed weather conditions (clear, mostly clear, partly cloudy, mostly cloudy, cloudy, type of 

precipitation, and obscurations to visibility). 
�” Route information. 

 

Observed and forecast data are provided to application developers and other consumers via an 
application program interface (API). 

The increased availability of these services can help MDOT address the need to provide a range of 
weather related information to travelers, and their vehicles and computers.   

Also of note is that some of the emerging CV-weather services have emerging capabilities to integrate 
with advance driver assistance systems (ADAS) and autonomous vehicle platforms to provide real-time 
and predictive machine-readable road weather conditions.  However, the market penetration of these 

                                                             
3 The United States National Centers for Environmental Prediction (NCEP) delivers national and global weather, 
water, climate and space weather guidance, forecasts, warnings and analyses to its Partners and External User 
Communities.  
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Figure 1: Road Weather Information System (RWIS) Resource Options 

services will lag the in-vehicle provision of information as the autonomous vehicle industry continues to 
mature.   

2.3 RWIS Resource Options  
 
Technology advancements in vehicle-�����•�������]�v�(�}�Œ�u���š�]�}�v���Z���À�������o�o�}�Á���������K�d�[�•���š�Z���������]�o�]�š�Ç���š�}�������‹�µ�]�Œ����
information that was not previously available from other resources.4  The FWHA guidelines for deploying 
Weather Responsive Traffic Management Strategies identify (3) newer pathways for acquiring road 
�Á�����š�Z���Œ�������š�����š�}���•�µ�‰�‰�}�Œ�š���š�Z�������K�d�[�•��
RWIS program. These include Intelligent 
Agency Fleets, CVs, and Connected 
Third-Party Fleet Services and 
Connected Travelers. 

These three key pathways provide 
different types of data, but allow for the 
augmentation of traditional information 
collected from fixed resources along 
DOT roadway.  Intelligent Agency Fleet 
���v�������s�•�����Œ�������o�Œ�������Ç���‰���Œ�š���}�(���D���K�d�[�•��
current RWIS program and can be 
leveraged to support RWIS user needs. 
It is anticipated that going forward 
these three mobile information 
resources coupled with the fixed ESS 
sources will create 4 Pathways for 
�D���K�d�[�•���Z�t�/�^���W�Œ�}�P�Œ���u�X�� 

  

                                                             
4 United States Department of Transportation �t Federal Highway Administration.   
Guidelines for Deploying Connected Vehicle-Enabled Weather Responsive Traffic Management Strategies. 
Publication No: FHWA-JPO-17-478.  November 2016.   
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3 Needs Assessment to Meet MDOT Vision 
The end-users of road weather information are the primary drivers for the direction of the RWIS 
progr���u�X���������Z���•�š���l���Z�}�o�����Œ���]�v���š�Z�����D���K�d���Z�t�/�^���‰�Œ�}�P�Œ���u���Z���•�����]�•�š�]�v���š���v�������•�X�����D���K�d�[�•�����•�•���•�•�u���v�š���}�(���Á�Z�]���Z��
needs are most critical should guide the decision regarding selection of the recommended pathway(s) 
that MDOT should support in the future. This section provides an overview of the primary stakeholder 
needs, resources that are available to support the needs, availability of critical road weather data, and 
identification of gaps that cannot be satisfied with newer technology resources. 

3.1 Stakeholder Needs  
3.1.1 Winter Maintenance 
Winter maintenance staff is one of the primary RWIS stakeholders whose predominant requirement is 
accurate forecasts of pavement conditions and pavement temperatures to effectively respond to 
changing roadway conditions.  Key maintenance user needs derived during the development of regional 
Concept of Operations workshops and statewide needs review:  

�” Improved visibility on conditions near the edge of their area of responsibility to help in 
allocating resources efficiently. 

�” Real-time RWIS reporting from the hosted web application. 
�” Clear camera images to support decision-making; Images must include clear night images. 
�” Forecasts to determine when and where a storm will take place. 
�” Information to determine if maintenance should treat the roadway, how they should treat, and 

whether the treatment was accurate. 
�” Better forecast and/or detection of lake effect snow bands, and snow squalls. 
�” Access to RWIS data on a smart phone or mobile application for in-field reporting to 

maintenance crews. 
�” Specialized road weather information at locations that may not require a full ESS site.  
�” Site-�•�‰�����]�(�]���������š�����•�µ���Z�����•���•�µ�Œ�(�����������}�v���]�š�]�}�v�•���~�}�Œ���^�P�Œ�]�‰�_���À���o�µ���•�•���}�v�����Œ�]���P���•���š�Z���š���š���v�����š�}���]�������µ�‰�����v����

create problems for motorists or flood gauges in areas prone to flooding. 
3.1.2 Traffic Management & Operational Needs 
Traffic operations stakeholders in Michigan play an important role in the data acquisition and 
dissemination of road weather information. Road closures due to weather rarely occur in the State.  
Traffic operation requirements for road weather data acquisition and distribution include:  

�” Traveler information to be disseminated to motorists regarding recommendations about safe 
�š�Œ���À���o�����µ�Œ�]�v�P���]�v���o���u���v�š�����}�v���]�š�]�}�v�•�X���~���X�P�X�����}�v�[�š���µ�•�������Œ�µ�]�•�������}�v�š�Œ�}�o�•. 

�” Ability to collect road weather forecasts to be used by traffic operations to align with weather 
responsive management strategies. 

�” Frost depth data for non-freeway corridors to better manage road restrictions at the end of the 
winter season. 

�” Level of service on the roadway for meeting performance metrics. 
�” Traffic and Safety staff can utilize the technology to actively warn motorists of adverse road 

conditions at their immediate location to improve driver behavior.   
�” Pavement Management staff can utilize historical data to enhance pavement designs. 
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�” Construction staff can utilize site specific forecasting for scheduling/planning road work (i.e. 
paving, striping). 

 
3.2 Forecasting Needs 
RWIS equipment and the associated support services form the basis of the MDOT road weather 
program.  RWIS is unique in that reporting weather-related road conditions is its primary function.  ESS 
sites for the RWIS program measure and report road temperature, road condition, and several metrics 
associated with the amount of deicing chemical in the snow, ice, and water on the road.  In the 
assessment of road conditions, the original ESS configurations also incorporated sensors that measure 
atmospheric conditions.  These atmospheric parameters also aid maintenance personnel in their 
understanding of weather conditions at the ESS site.  The meteorological community found the 
measured weather conditions at RWIS sites helped fill voids in the meteorological network of 
observation sites that the weather community used to create forecasts and thereby helped improve the 
performance of local forecasts. 

Another facet of the RWIS program was the development of pavement-specific forecasts that projected 
future road conditions, as well as future weather conditions.  These pavement-specific forecasts of road 
conditions are derived directly from standard weather forecasts, whose performance level depends on 
the forecaster�[�•�������]�o�]�š�]���•.  The accuracy and reliability of the forecast can be drastically improved by 
requiring contracted entities to meet minimum performance requirements.  Since most snow and ice 
control maintenance decisions deal with probable road conditions in the next three hours, these 
pavement-specific road condition forecasts are an essential tool in maintenance decision-making.  Any 
improvement in the local weather forecast results in improvements in the road condition forecast.  
Thus, the RWIS program creates a synergy between the RWIS output and the information gained by the 
maintenance forces.  Further, other stakeholders have found the availability of observed and forecasted 
road conditions to be real assets in assisting in their transportation or travel related decisions.  The 
National Weather Service (NWS) has contributed to this advancement by moving towards winter 
weather advisories and travel condition warnings rather than simply projecting snow or ice totals.    
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3.2.1 Forecasting Time Requirements 
There are several latencies in the generation of road weather forecasts that influence the time it takes 
to process actual road weather conditions and transform them into usable forecasts.  The CV program 
was designed to transfer data almost instantaneously without incorporating the influence of projected 
changes in weather conditions or treatment activities.  It assumes that the existing conditions will persist 
for the next five minutes or so.  Road weather forecasts beyond one hour (tactical, strategic, and 
planning forecasts) depend upon a full forecast procedure.  Imminent forecasts represent a bridge 
between persistence and classic forecasting.  The following time line illustrates the time after an 
observation is made in the field when each step in the forecast process is complete.  The times 
represent average times to completion.  The key point of this time line is that the normal forecast 
process used by meteorologists takes 30 �t 35 minutes to generate a weather forecast and 40 �t 45 
minutes to create a road condition forecast for the first hour.  The numerical weather prediction process 
requires roughly another 60 minutes to generate a gridded forecast out to 24 hours.  To circumvent this 
delay, meteorologists typically use the forecast from the previous hour and adjust the first hours of the 
new forecast based upon the data analyses 10 �t 15 minutes before the current start time.  The use of 
forecast guidance from the previous hour(s) is particularly a factor for imminent forecasts. 

 
Figure 2: Forecasting 

3.3 Forecast Types 
Five different types of forecasts are available to provide conditions at differing intervals offering 
stakeholders information that can be used for a variety of purposes.  
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3.3.1 Persistence Forecasts  
Connected Vehicles (CV)s serve as the sole source of road weather information in the time domain 
under 5 minutes.  The communication and data processing activities for the other three road weather 
data sources delay the observed road weather information too long to support persistence forecasts.  
Figure 3 illustrates the vehicle-to-vehicle (V2V) delivery and the vehicle-to-infrastructure (V2I) data 
exchange service.  The V2V exchange is a simple transfer of observed road weather conditions from a 
single vehicle to one or more vehicles almost instantaneously using wireless communications between 
the two vehicles.   

For V2I exchange dedicated short range communications (DSRC) enabled devices collect transmissions 
from vehicles along the highway and transfer the data to an infrastructure roadside unit controller. The 
controller could be used to communicate locally or ba���l���š�}�����������v�š�Œ���o�]�Ì�������^�Z������-���v���_���•�µ���Z�����•�������š�Œ���(�(�]����
operations center (TOC). The system then stores the observations for each collection point and then 
aggregates the observations from individual reports into a spatial representation of the CV data by 
�‰���Œ���u���š���Œ�X���������v���À�]�P���š�]�}�v���]�v�š���Œ�(���������}�v�������µ�•���Œ�[�•���À���Z�]���o�����Á�]�o�o���]�v�š���Œ�����š���Á�]�š�Z���š�Z�����]�v�(�Œ���•�š�Œ�µ���š�µ�Œ�������}�v�š�Œ�}�o�o���Œ���š�}��
acquire guidance on road and weather conditions immediately ahead from the current GPS location. 
Alternatively, users may interact with the infrastructure controller to view conditions on any desired 
route or route segment.  

 
Figure 3:  Persistence Time Domain 
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3.3.2 Imminent Forecasts  
As illustrated in Figure 4 imminent forecasts are in large part an extension of the persistence forecasts.  
The construct is to modify the most current road weather observations based upon forecasted changes 
in the weather conditions influencing road conditions.  Thus, the primary road weather resource 
remains the CV data, but observed road weather conditions are modified based upon transitions in both 
observed and forecasted weather conditions.  The forecast steps include data aggregation of road 
weather conditions from CV sources supplemented by data from the other three road weather sources, 
generation of an initial analysis of the road conditions within the highway infrastructure, and 
modification of this initial state based upon the weather forecast.  Since it is impossible to generate a 
weather forecast quickly enough from the initial set of observations, forecast data from the previous 
hour is used to create a projection of road conditions within the next hour.  These modified road 
conditions are then formatted to meet end user requirements. 

 
Figure 4: Imminent Time Domain 
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3.3.3 Tactical Forecasts 
Tactical forecasts are one of the three remaining forecasts that use the classic weather forecasting 
technique to generate a base for a subsequent road condition forecast.  In this forecasting scenario, all 
four road weather sources are used equally as input to the field analyses (digital representations of the 
interpolated data for the current state of each weather parameter) as illustrated in Figure 5.  The field 
analyses become the initialization set for the generation of forecast values out to 6 or more hours. 

 
Figure 5: Tactical Time Domain 
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3.3.4 Strategic Forecasts 
AS illustrated in Figure 6 strategic forecasts put their primary emphasis on MADIS and ESS data since this 
data is usually available more consistently and generally has a higher level of accuracy than the mobile 
data sources.  Further, the accuracy of weather forecasts beyond about 12 hours is more influenced by 
the upper atmospheric data used as input than on the surface observations. 

 
Figure 6: Strategic time Domain 
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3.3.5 Planning Forecasts 
Planning forecasts can go out to 16 days.  NCEP models require approximately 3 hours to generate 
forecasts out to 16 days.  Since the interest in planning forecasts is typically 3 to 5 days or more, the 
initial road weather conditions do not need to be highly detailed since more degradation in the accuracy 
of the model is due to inaccuracies in the initial upper atmospheric measurements.  Therefore, the 
processing flow is essentially the same as for strategic forecasts.   

 
Figure 7:  Planning Time Domain 

 

Each of the five forecast types satisfies the unique needs of different road weather stakeholders.  Table 
1a and 1b presents the benefits and limitations of each type of forecast by DOT stakeholder and other 
stakeholder.   
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Table 1a: Benefits and Limitations of Forecast Types by DOT Stakeholder 

  

PERSISTENCE FORECAST IMMINENT FORECAST TACTICAL FORECAST  STRATEGIC FORECAST  PLANNING FORECAST  
< 5 mins  1 hour  6-24 Hours  >24 Hours  1-16 days  

STAKEHOLDER  MAJOR 
BENEFITS LIMITATION MAJOR 

BENEFITS LIMITATION MAJOR 
BENEFITS LIMITATION MAJOR 

BENEFITS LIMITATION MAJOR 
BENEFITS LIMITATION 

DOT Maintenance 

Use CV road 
conditions to 
indicate an 
immediate safety 
or mobility 
concern 

ESS & MDC 
data takes too 

long to be of use 

Road conditions 
or immediate 
precipitation 
events that may 
require 
immediate 
attention 

ESS & MDC data 
of marginal use 
due to time 
constraints in 
collection and 
integration 

ESS, MDC/AVL, 
and CV data 
along with road 
weather 
forecasts 
derived from 
these sources 
provide the 
necessary 
guidance for the 
next 1 or 2 
snow & ice 
control 
treatments 

N/A 

ESS and 
MDC/AVL data 
along with road 
weather 
forecasts derived 
from these 
sources provide 
the necessary 
guidance for 
scheduling shift 
changes and 
determining 
when to call in 
drivers 

N/A 

Preparation for 
anticipated 
storms and 
scheduling of 
staff and 
equipment to 
address these 
potential events 

RWIS data from 
all sources has 
less influence 

than the 
processing 

factors of the 
numerical model 
that generates 

the forecast 

Traffic Operations 

Use CV road 
conditions to 
monitor areas of 
possible concern 
and issue 
traveler 
advisories 

Use forecasts to 
assess areas of 
possible 
concern and 
issue traveler 
advisories ESS & MDC data 

of marginal use 
due to time 

constraints in 
collection and 

integration 

Use forecasts to 
assess areas of 
possible 
concern and 
issue or prepare 
to issue traveler 
advisories 

N/A 

TOCs and state 
police use 
forecasts to staff 
for winter events.   

N/A N/A 

DOT Construction N/A N/A 

Use 6-hour 
forecasts to 
make go/no go 
decisions on 
weather 
sensitive 
construction 
projects 

N/A 

Use 24-hour 
forecasts to plan 
options and 
staffing of 
weather 
sensitive 
construction 
projects 

N/A 

Use extended 
forecasts to 
structure plan to 
work around 
projected 
weather events 
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Table 2b: Benefits and Limitations of Forecast Types by Other Stakeholder 

  

PERSISTENCE FORECAST IMMINENT FORECAST TACTICAL FORECAST  STRATEGIC FORECAST  PLANNING FORECAST  
< 5 mins  1 hour  6-24 Hours  >24 Hours  1-16 days  

STAKEHOLDER  MAJOR 
BENEFITS LIMITATION MAJOR 

BENEFITS LIMITATION MAJOR 
BENEFITS LIMITATION MAJOR 

BENEFITS LIMITATION MAJOR 
BENEFITS LIMITATION 

Weather Service 
Provider 

NWS will use 
road weather 
data parameters 
to enhance 
general weather 
forecast in this 
time domain, not 
road weather 
data. 

ESS & MDC 
data takes too 

long to be of use 

NWS will use 
road weather 
data parameters 
to enhance 
general weather 
forecast in this 
time domain, not 
road weather 
data. 

NWS will need to 
modify existing 
data acquisition 
procedures to 
integrate CV 
data 

NWS will use 
road weather 
data parameters 
to enhance 
general weather 
forecast in this 
time domain, not 
road weather 
data. 

NWS and media 
put primary 
emphasis on 24-
hour forecast 
and not on 6-
hour period and 
do not integrate 
MDC/AVL data 

NWS will use 
road weather 
data parameters 
to enhance 
general weather 
forecast in this 
time domain, not 
road weather 
data. 

NWS and media 
do not address 
road conditions 

NWS will use 
road weather 
data parameters 
to enhance 
general weather 
forecast in this 
time domain, not 
road weather 
data. 

RWIS data from 
all sources has 
less influence 

than the 
processing 

factors of the 
numerical model 
that generates 

the forecast 

Surface 
Transportation 
Weather Service 
Provider (STWSP) 

Use CV road 
conditions to 
issue advisory 
warning 
message 

Use CV road 
conditions and 
forecasts to 
issue advisory 
warning 
message 

ESS & MDC 
data of marginal 
use due to time 
constraints in 
collection and 

integration 

Either do use or 
will use all ESS, 
MDC/AVL, and 
CV data to 
support the road 
weather data 
and forecast 
needs of many 
of the other 
stakeholders in 
this list 

N/A 

Use ESS, 
MDC/AVL, and 
CV data to 
support the 
needs of many 
of the other 
stakeholders in 
this list 

N/A 

Use forecast 
output along with 
recent road 
weather 
conditions to 
project logistics 
planning to 
support 
operations 
during active 
storm events 

Emergency 
Services 

Immediate 
notification of 
impending 
slippery spot or 
zones of heavy 
precipitation 

Use forecasts to 
determine any 
critical pathways 
that might be 
impacted by 
near term 
conditions 

Use initial hours 
in 6-hour 
forecasts to 
determine any 
critical pathways 
that might be 
impacted by 
adverse 
weather-related 
conditions 

N/A N/A N/A N/A 

Travelers 

Immediate 
notification of 
impending 
slippery spot or 
zones of heavy 
precipitation 

Notification of 
impending 
slippery spots or 
zones of heavy 
precipitation 
along current 
and/or 
alternative 
routes 

Use forecasts to 
update driving 
conditions and 
routing options 

N/A 

Use forecasts to 
determine 
specific route 
travel plans and 
anticipate any 
potential 
weather-related 
impact on these 
plans 

N/A 

Use forecasts to 
determine or 
adjust long 
distance route 
plans 
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4 Assessing Stakeholder Needs and Resource Availability 
An analysis of stakeholder needs in comparison to road weather assets is a critical first step in 
determining how to best invest in RWIS resources in the future. The four primary resources for obtaining 
road weather information include fixed ESS sites, intelligent fleet vehicles (MDC/AVL), CV technologies, 
and connected third party fleet services.  Each of these resources have unique sets of data acquisition 
capabilities that influence their value in satisfying stakeholder needs that typically require: 

�” Measurement of specific road weather parameters. 
�” Accurate readings of these parameters. 
�” Timely display of the currently observed parameters. 
�” Adequate number of observations to properly define the road weather condition.  

 
Because each resource acquires different types of road weather data, one specific resource likely will 
not provide the type of information needed by each stakeholder. Therefore, moving forward, the MDOT 
RWIS program will require multiple data sets or services to satisfy the requirements of the Department 
and their stakeholde�Œ�•�X���D���K�d�[�•���À�]�•�]�}�v���(�}�Œ���š�Z�����‰�Œ�}�P�Œ���u���Á�]�o�o���}�v�o�Ç���������(�µ�o�o�Ç���Œ�����o�]�Ì�������]�(���š�Z�����•�Ç�•�š���u��
adequately acquires data that satisfies the needs of each stakeholder group.  

One way to evaluate the worth of an RWIS resource (pathway) is to first consider which resources serve 
as sources of specific RWIS data elements, and then look at which RWIS resource provides the necessary 
information to effectively meet stakeholder decision support requirements.  Table 2 delineates the 
primary sources for each RWIS data parameter.  Table 3 summarizes the primary resource that aids 
stakeholder decision support requirements.  The tables indicate that the analyses are complicated by 
the fact that user needs change depending upon the valid time frame of data usage or stakeholder 
decision.  Therefore, in Tables 2 and 3 the Data Needs and Decision Support Requirements are 
separated into five time spans.  The diamonds in the Time Frame column tie the time span to the data 
need.  As an example, the RWIS resource that provides road condition data that is less than 5 minutes 
old most effectively is quite different from the RWIS resources that best delivers road condition 
information that can be 60 minutes of age or more.  Both tables contain �L icons to indicate that the 
RWIS resource is a primary source of the data need or decision support requirement for the specified 
time frame.   
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Table 3: Ability of RWIS Resources to Satisfy Stakeholder Needs 

ABILITY OF RWIS RESOURCES TO SATISFY STAKEHOLDER NEEDS 
    

Data Needs 
Time Frame Resource Availability 

Persistence 
Forecast 
0 - 5 min 

Imminent 
Forecast 

6 - 60 min 

Tactical 
Forecast 
1 - 6 hrs. 

Strategic 
Forecast 
6 - 24 hrs. 

Planning 
Forecast 
> 24 hrs. 

ESS Fleet Vehicles 
(MDC) 

Connected 
Vehicles 

3rd Party MDC 
Data 

Forecast 

�‹ ��             �L   
  �‹ ��           �L   
    �‹ ��     �L �L   �L 
      �‹ ��   �L �L   �L 
        �‹ �� �L �L   �L 

Road Temperature 

�‹ ��             �L   
  �‹ ��       �L �L �L �L 
    �‹ ��     �L �L �L �L 
      �‹ ��   �L �L �L �L 
        �‹ �� �L �L �L �L 

Road Condition 

�‹ ��             �L   
  �‹ ��       �L �L �L �L 
    �‹ ��     �L �L �L �L 
      �‹ ��   �L �L �L �L 
        �‹ �� �L �L �L �L 

Liquid, Snow, Ice, Frost, & 
Compacted Snow Depths 

�‹ ��             �L   
  �‹ ��       �L �L �L �L 
    �‹ ��     �L �L �L �L 
      �‹ ��   �L �L �L �L 
        �‹ �� �L �L �L �L 

Grip, Grip Loss 

�‹ ��             �L   
  �‹ ��       �L �L �L �L 
    �‹ ��     �L �L �L �L 
      �‹ ��   �L �L �L �L 
        �‹ �� �L �L �L �L 

Subsurface Temperature & Freeze 
Depth 

�‹ ��                 
  �‹ ��       �L       
    �‹ ��     �L       
      �‹ ��   �L       
        �‹ �� �L       

Air Temperature 

�‹ ��             �L   
  �‹ ��       �L �L �L �L 
    �‹ ��     �L �L �L �L 
      �‹ ��   �L �L �L �L 
        �‹ �� �L �L �L �L 

Relative Humidity 

�‹ ��             �L   
  �‹ ��       �L �L �L �L 
    �‹ ��     �L �L �L �L 
      �‹ ��   �L �L �L �L 
        �‹ �� �L �L �L �L 

Dew Point Temperature 

�‹ ��             �L   
  �‹ ��       �L �L �L �L 
    �‹ ��     �L �L �L �L 
      �‹ ��   �L �L �L �L 
        �‹ �� �L �L �L �L 

Winds: Direction, Speed, & Gust 

�‹ ��                 
  �‹ ��       �L       
    �‹ ��     �L       
      �‹ ��   �L       
        �‹ �� �L       

Precipitation Type 

�‹ ��                 
  �‹ ��       �L �L   �L 
    �‹ ��     �L �L   �L 
      �‹ ��   �L �L   �L 
        �‹ �� �L �L   �L 

Precipitation Presence 

�‹ ��           �L �L �L 
  �‹ ��       �L �L �L �L 
    �‹ ��     �L �L �L �L 
      �‹ ��   �L �L �L �L 
        �‹ �� �L �L �L �L 

Precipitation Rate/Intensity 

�‹ ��             �L   
  �‹ ��       �L �L �L �L 
    �‹ ��     �L �L �L �L 
      �‹ ��   �L �L �L �L 
        �‹ �� �L �L �L �L 

Barometric Pressure 

�‹ ��                 
  �‹ ��       �L       
    �‹ ��     �L       
      �‹ ��   �L       
        �‹ �� �L       

Visibility 

�‹ ��                 
  �‹ ��       �L �L   �L 
    �‹ ��     �L �L   �L 
      �‹ ��   �L �L   �L 
        �‹ �� �L �L   �L 

Camera Imagery 

�‹ ��         �L �L   �L 
  �‹ ��       �L �L   �L 
    �‹ ��             
      �‹ ��           
        �‹ ��         
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Table 4: Ability of RWIS Resources to Satisfy Stakeholder Decision Support Requirements 

ABILITY OF RWIS RESOURCES TO MEET STAKEHOLDER DECISION SUPPORT NEEDS 

DECISION SUPPORT 
NEEDS 

Time Frame Resource Availability 

Persistence 
Forecast 
0 - 5 min 

Imminent 
Forecast 

6 - 60 min 

Tactical 
Forecast 
1 - 6 hrs. 

Strategic 
Forecast 
6 - 24 hrs. 

Planning 
Forecast 
> 24 hrs. 

ESS Fleet 
Vehicles 
(MDC) 

Connec
ted 

Vehicle
s 

3rd 
Party 
MDC 
Data 

Support Road Weather 
Forecast for Maintenance 

Planning 

�‹ ��             �L   
  �‹ ��           �L B/S 
    �‹ ��     �L �L   �L 
      �‹ ��   �L �L   �L 
        �‹ �� �L �L   �L 

Provide information to 
Maintenance about 

problematic locations  

�‹ ��             �L   
  �‹ ��       �L �L �L �L 
    �‹ ��     �L �L �L �L 
      �‹ ��           
        �‹ ��         

Provide road condition 
reports to the public 

�‹ ��             �L   
  �‹ ��       �L �L �L �L 
    �‹ ��     �L �L �L �L 
      �‹ ��           
        �‹ ��         

Enhance input to the 
maintenance decision 

support system (MDSS) 

�‹ ��             �L   
  �‹ ��       �L �L �L �L 
    �‹ ��     �L �L �L �L 
      �‹ ��           
        �‹ ��         

Provide visual assessment 
(camera stream or imagery) 

of road conditions  

�‹ ��         �L �L     
  �‹ ��       �L �L     
    �‹ ��     �L �L     
      �‹ ��           
        �‹ ��         

Enhance MDOT Weather 
Responsive Traffic 

Management Strategies; 
such as, provide information 

to Motorists/Traffic 
Operations about 

problematic locations 

�‹ ��             �L S 
  �‹ ��       �L �L �L �L 
    �‹ ��     �L �L �L �L 
      �‹ ��           

        
�‹ ��

        

Provide vehicle locations of 
fleet and/or RWIS mobile 

source 

�‹ ��             �L   
  �‹ ��         �L �L �L 
    �‹ ��       �L �L �L 
      �‹ ��           
        �‹ ��         

Provide treatment 
information (materials used 

for treated routes) 

�‹ ��                 
  �‹ ��         �L     
    �‹ ��       �L     
      �‹ ��     �L     
        �‹ ��   �L     

Note:  The table includes the following acronyms in the 3rd Party MDC Data column that designate 
specific road weather parameters. 

�x B/S Blowing snow �t events are entered by driver via an electronic interface  
�x S Slip 
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Key Notes 
Key notes derived from the data presented in Table 2 and Table 3 are: 

�” CV and intelligent fleet data are the only resources that will provide data and support decisions 
in the 0- 5-minute time frame currently. 

�” CV data that will be as effective as ESS, intelligent fleet data, and 3rd party mobile data once a 
fully implemented CV program is in place (beyond the limits of this report) includes:  

o Road temperature.  
o Road condition.  
o Material depths.  
o Grip/grip loss.  
o Air temperature.  
o Relative humidity.  
o Precipitation presence.  
o Precipitation rate. 
o Barometric pressure.   

�” CVs cannot provide wind information, precipitation type, barometric pressure, or visibility or 
support decisions needing this information. 

�” ESS, intelligent fleet vehicles, and 3rd party fleet services are the primary resources to provide 
data and support end user tactical, strategic, and planning decisions.    

�” The primary resource to provide data and support user decisions begins to transition from CV to 
ESS and the mobile fleet sources during the 6 to 60-minute time frame.  More emphasis on 
forecasting comes into play during this time-period. The data required for detailed forecasting is 
not available from connected vehicles, although the timeliness of the CV data still provides 
important information to the forecasts and decision-making in this time-period. 

�” The primary function of data acquisition and decision support in the 0 �t 5-minute time frame is 
to support vehicle to vehicle alerts of adverse conditions and early alert of hot spots (e.g. to 
Transportation Operation Centers (TOC)). 

�” The primary function in the 6 to 60-minute time frame is to support imminent forecasts of 
critical road conditions and visibility issues that may impact safety and mobility.  

�” The primary function beyond 60 minutes is a focus on the tactical, strategic, and planning 
forecasts that enable current road weather support services. 

The assessment detailed in Table 2 and Table 3 included reasons why each RWIS resource was classified 
as a primary resource or a lesser source of information.  Key comments in the justification of primary 
RWIS resources in Table 2 and Table 3 include: 

�x Since the intent of the CV program is to transfer advisory messages from vehicle to vehicle 
almost instantaneously, it provides the only pathway to do this in the under 5-minute time 
frame. 

�x CV information becomes a critical unmatched source of traction information and insight into the 
local variations in precipitation patterns.  

�x Waiting for or investing in the development of the capabilities of the CV Program seems to be 
the most viable alternative to support persistence forecast requirements. 



   

20 | Page 
 

�x Imminent forecasts (0 to 60 minutes from observation time) will derive most of their benefit 
from a dense CV observation network over the highway infrastructure.  This data set will provide 
a mechanism to generate short term (< 60 minute) forecasts of rapidly changing precipitation 
events, the advent/cessation of precipitation, and detailed projections of road conditions 
highlighting locations where there may be safety concerns. 

�x The primary benefactors of information and forecasts in the 0 �t 60-minute time frame will be 
travelers, although MDOT maintenance, traffic operations, emergency services, and other 
agencies supporting immediate travel needs will find value in the use of imminent forecasts. 

�” ESS and fleet-derived data provide a higher value than does CV data in the support of tactical, 
strategic, and planning forecasts, primarily because these RWIS resources have more accuracy, a 
more complete complement of observed parameters, and a regular reporting schedule.  

�” The suite of weather data from full ESS configurations is helpful in filling voids in the 
meteorological data set needed to initialize the tactical forecast model runs. 

�” The integration of mobile data sources offers the potential to greatly increase the observation 
network.  An important consideration in assessing whether to add additional ESS equipment or 
move to mobile sensors to collect road condition information is that mobile sources can create a 
denser network of road weather information for a lesser cost. However, the creation of multiple 
road condition observations in space and time makes it difficult to integrate these observations 
into the existing analysis and forecasting procedures. 

�” Since the performance of planning forecasts has greater dependence on the initialization of the 
upper atmosphere parameters and the functionality of the processing procedures, the type of 
RWIS data used for input to the forecast has only limited impact on the planning forecast.  
Therefore, the decision regarding whether to add fixed or mobile data sources will have minor 
impact on the value of planning forecasts to support stakeholder decisions.  
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5 Investment Strategies  
T�Z���Œ�������Œ�����u�µ�o�š�]�‰�o���������š���������‹�µ�]�•�]�š�]�}�v���•�š�Œ���š���P�]���•���š�}���•�µ�‰�‰�}�Œ�š���D���K�d�[�•���Z�t�/�^���‰�Œ�}�P�Œ���u�X�����•���D���K�d�����}�v�•�]�����Œ�•��
how to prioritize these strategies, the regional stakeholder needs and use of the weather information 
�Á�]�o�o���µ�o�š�]�u���š���o�Ç�����Œ�]�À�����Á�Z�]���Z���^�u�]�Æ�_���}�(�������š���������‹�µ�]�•�]�š�]�}�v���Á�]�o�o���}�‰�š�]�u���o�o�Ç���•�µ�‰�‰�}�Œ�š���š�Z�����•�š���l���Z�}�o�����Œ�•�X���t�]�š�Z�]�v���š�Z����
state, stakeholders may value information that support maintenance decision making over information 
to support traffic operations and traveler information. While traveler information appears to be key 
theme across the state, additional significance may be placed where: 

�x Traffic flows are higher such as in urban centers of Detroit, Lansing, Grand Rapids, Saginaw, and 
Flint 

�x The availability of alternate routes 
�x The number of weather-related crashes and incidents are more prevalent  
�x The density of connected vehicles does not provide sufficient data to support weather decisions 

To address these varying degrees of conditions, it is likely there will be four key need areas that will 
drive the future of the RWIS program.  

Maintenance Decision 
Support  
(Within 1 hour) 

Maintenance Decision 
Support (<24 Hours) 
& Limited Traffic 
Operations 

Balanced Maintenance 
Decision Support 
/Traffic Operations 
Needs 

Traffic Safety and 
Operations 

 

MDOT Regions should consider revisiting their Concept of Operations to identify with which group their 
region most adequately aligns. This will help guide which types of RWIS resources can be utilized to 
adequately address needs. It is possible that each region identifies a need for both maintenance and 
traffic operations; however, there may be higher priorities in the short term that allow for developing a 
staged deployment strategy in the state. The region should consider where on the spectrum the 
priorities fall to select the appropriate short term RWIS plan. Regional users should also consider what 
tools and resources are currently available within the existing MDOT program in their respective areas 
to identify where gaps remain.  The section below discusses the strategies that are best suited to meet 
each of these focus areas. 
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Maintenance Decision Support (within 1 Hour)  

MDOT may focus on increasing fleet data and/or 3rd party input to support maintenance decision support. This will enhance the data between 
available fixed weather stations for the short term. MDOT should not seek out snow plows only, but rather other fleet type vehicles within 
Michigan that MDOT could leverage as a mobile resource such as Contract County vehicles, MDOT courtesy patrol, state vehicles (TSC) 
maintenance vehicles and/or Michigan State Police. MDOT may want to consider establishing a data collection network (either internally or 
under a third-party contract) to collect and aggregate mobile observations in Michigan. 

 

Table 5: RWIS Resource Correlation - Maintenance Decision Support (within 1 hour) 

Key Need Area Stakeholder 
Need 

Time Spatial Data Parameters 

Maintenance 
Decision 
Support  
(within 1 Hour) 

�x Road weather 
forecast for next 5 
minutes 

�x Current conditions 
�x Maintenance 

problem areas �t 
current 

�x Traveler problem 
areas �t current 

�x Road condition 
reports �t current 

�x Support MDSS 
�x Enhance visual 

assessment of road 
conditions 

�x Enhance traffic 
management 
strategies 

�x MDOT vehicle 
locations 

�x Persistent 
�x Imminent  

�x Point 
�x Route Segment 
�x Garage / Multiple 

Segments 
�x Region 
�x State 

�x Road Conditions from 
Mobile Sources 

�x Road Condition from 
Connected Vehicles 

�x Grip or Traction 
information from 
Connected Vehicles 
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Maintenance Decision Support (< 24 hours) & Limited Traffic Operations 

MDOT should consider a number of fixed ESS within the region equally spaced to support general road condition forecasting. This will enhance 
maintenance decision support planning for upcoming storms. Other resources could provide supplemental data, but long term forecasts will be 
enhanced by fixed ESS. The fixed ESS will provide additional data points to MDOT traffic operation centers to enhance the weather traveler 
information program. RWIS research indicates a base ESS network with a grid spacing of 60 km (36 mi) provides data that fulfills this level of 
forecasting. 
 

Table 6: Maintenance Decision Support (< 24 hours) &Limited Traffic Operations 

Key Need Area Stakeholder 
Need 

Time Spatial Data Parameters 

Maintenance 
Decision 
Support (< 24 
hours) &Limited 
Traffic 
Operations 

�x Rd weather forecast 
beyond 1 hour 

�x Maintenance problem 
areas �t future 

�x Traveler problem 
areas �t future 

�x Enhance traffic 
management 
strategies 

�x Tactical 
�x Strategic 
�x Planning 

�x Point 
�x Route segment 

�x Fixed Road Locations 
�x Treatment 

Information 
�x Road Conditions from 

Mobile Sources 
�x Road Condition from 

Connected Vehicles 
�x Grip or Traction 

information from 
Connected Vehicles 
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Balanced Maintenance/Traffic Operations  

MDOT should consider deploying a small number of fixed ESS to satisfy long term forecasts to support maintenance decision support. 
Additionally, MDOT should consider using the Guidelines for Deploying Connected Vehicle-Enabled Weather Responsive Traffic Management 
Strategies 5  to determine which traffic management strategies could be used. It is likely that a mix of intelligent fleet and/or 3rd party data will 
be needed to assist traffic operations respond to incidents. The key strategy is to enhance the data ingest to DuAP for the MDOT WxTINFO 
program.  

Table 7: Balanced Maintenance/Traffic Operations 

Key Need Area Stakeholder 
Need 

Time Spatial Data Parameters 

Balanced 
Maintenance/ 
Traffic 
Operations 

�x Road weather forecast 
for next 5 mins 

�x Road weather forecast 
for next hour 

�x Road weather forecast 
beyond 1 hour 

�x Current conditions 
�x Maintenance problem 

areas - current 
�x Maintenance problem 

areas - future 
�x Traveler problem 

areas - current 
�x Traveler problem 

areas - future 
�x Road condition 

reports - current 

�x Persistence 
�x Imminent 
�x Tactical 
�x Strategic 
�x Planning 

�x Point 
�x Route Segment 
�x Garage / Multiple 

Segments  
�x Region 
�x State 

�x Treatment 
Information 

�x Camera 
�x Road Conditions from 

Mobile Sources 
�x Road Condition from 

Connected Vehicles 
�x Grip or Traction 

information from 
Connected Vehicles 

�x GPS & Data from the 
Vehicle Electronics 
Controller 

                                                             
5 United States Department of Transportation �t Federal Highway Administration.   
Guidelines for Deploying Connected Vehicle-Enabled Weather Responsive Traffic Management Strategies. Publication No: FHWA-JPO-17-478.  November 2016.   
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�x Support MDSS 
�x Enhance visual 

assessment of road 
conditions 

�x Enhance traffic 
management 
strategies 

�x Travel planning 
�x MDOT vehicle 

locations 
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Traffic Safety and Operations  

MDOT should consider using the Guidelines for Deploying Connected Vehicle-Enabled Weather Responsive Traffic Management Strategies 6  to 
determine which traffic management strategies could be used. It is likely that a mix of intelligent fleet and/or 3rd party data will be needed to 
assist traffic operations staff respond to incidents. The key strategy is to enhance the data ingest to DuAP for the MDOT WxTINFO program.  

Table 8: Traffic Operations Focus 

Key Need Area Stakeholder 
Need 

Time Spatial Data Parameters 

Traffic Safety 
and Operations  

�x Road weather 
forecast beyond 1 
hour 

�x Current conditions 
�x Maintenance 

problem areas - 
current 

�x Maintenance 
problem areas - 
future 

�x Traveler problem 
areas - current 

�x Traveler problem 
areas - future 

�x Road condition 
reports - current 

�x Support MDSS 
�x Enhance visual 

�x Persistence 
�x Imminent 
�x Tactical 
�x Strategic 

�x Point 
�x Route Segment 
�x Garage / Multiple 

Segments 
�x Region 
�x State 

�x Camera 
�x Road Conditions 

from Mobile 
Sources 

�x Road Condition 
from Connected 
Vehicles 

�x Grip or Traction 
information from 
Connected 
Vehicles 

�x GPS & Data from 
the Vehicle 
Electronics 
Controller 

                                                             
6 United States Department of Transportation �t Federal Highway Administration.   
Guidelines for Deploying Connected Vehicle-Enabled Weather Responsive Traffic Management Strategies. Publication No: FHWA-JPO-17-478.  November 2016.   
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Key Need Area Stakeholder 
Need 

Time Spatial Data Parameters 

assessment of road 
conditions 

�x Enhance traffic 
management 
strategies 

�x Travel planning 
�x MDOT vehicle 

locations 
�x Evaluation of 

material & vehicle 
use 

 

 



   

28| Page 
 

Procurement Considerations for Third Party Data 

The third-party fleet services program is a private-sector venture that exists to collect road weather data 
�(�Œ�}�u�����}�u�u���Œ���]���o���š�Œ�µ���l�•���š�}���•�µ�‰�‰�}�Œ�š���š�Z���]�Œ���}�‰���Œ���š�]�}�v�•�X�����d�Z�]�•�������š�����]�•���•�]�u�]�o���Œ���š�}���š�Z���������š�����(�Œ�}�u���š�Z�������K�d�[�•��
intelligent fleet program and offers a mechanism to augment the mobile data being collected by MDOT.   

MDOT may seek out regional data from a third party where it is critically needed instead of acquiring 
third party data for the entire state. For example, could service providers only provide information for 
the tri-county Metro Detroit region to support traffic operations decision making rather than providing 
data for the entire state? This could be a more cost effective approach if it can be geographically bound. 
Even though the entire state would benefit if third party data was acquired at the statewide level, 
priorities might not support that level of investment.  

Procurement Considerations for Intelligent Fleet  

Analysis indicates that the intelligent fleet pathway offers valuable data to meet the general road 
weather stakeholder needs. Intelligent fleets provide a variety of strategic and tactical decision-making 
for state DOT maintenance and traffic operations. Data from fleets is appealing because the agencies 
control the fleets, and data collected from them can serve multiple purposes for forecasting, traffic 
management, winter maintenance operations, and asset management7 

MDOT may seek mobile packages that enhance road condition forecast and near-real time information. 
Aftermarket sensor suites are readily available to provide air temp, RH, dew point, grip, pavement 
condition, pavement temperature and are as accurate as fixed sensors (if they are not used with snow 
plows). This strategy will require amending current support contracts if MDOT does not currently own 
and maintain the fleet vehicles. Amendment of these contracts may be done at the statewide level or 
done regionally. MDOT may consider identifying where vehicles travel prior to selecting the type of fleet 
in which to invest. A pilot on a few different types of vehicles may help identify which resource will be 
provide an abundance of data. MDOT may consider prioritizing their own vehicles in the short term. 

Procurement Considerations for Fixed ESS  

Table 2 suggests that MDOT may gain the most from expanding its fixed-base ESS network to cover the 
remainder of the state at a maximum spacing/minimum density necessary to meet the focus areas 
required by the stakeholders.  The ESS component of the RWIS program focuses on the measurement of 
road conditions and associated weather conditions affecting the road conditions.  The fixed ESS sites 
provide continual observations of road conditions, weather conditions, and the temperatures at depths 
beneath the pavement.  The measured parameters and CCTV imagery are instrumental to the MDOT 
maintenance decision process.  However, MDOT maintenance gains as much or more benefit from the 
road condition and weather forecasts derived from the inclusion of ESS data in the RWIS forecast 
products.   ESS weather data fills voids in the NWS observation network and thereby improves local 
forecasts generated by all weather service providers.  Forecasting benefits from a continual source of 
reliable observations from a network of fixed observations.  This is not provided by mobile data sources; 
therefore, ESS becomes an invaluable resource to support the road weather forecast requirement.   
                                                             
7 FHWA - Guidelines for Deploying Connected Vehicle-Enabled Weather Responsive Traffic Management Strategies  
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An optimal spacing requirement for an ESS network is dependent upon the projected use of the 
individual sites within the network.  To support the forecast requirement, the greatest benefit appears 
to result from a grid network of 60km (36mi).  Since the NWS already has a network of observation sites, 
the location of ESS sites needs to be adjusted to permit inclusion of these sites in the grid design.  This 
grid spacing also provides an appropriate spacing for a network to record representative road condition 
variables.   Often an agency decides to place an ESS at a site that has unique environmental 
characteristics or is accident-prone.  Additional sites may be necessary to provide more representative 
values for MDOT users in adjacent areas.  Prior to the introduction of mobile sensing platforms, the 
recommendation was for a denser network in urban areas (30 �t 40km (18 �t 24mi)) to provide a network 
of sites to observe road conditions.  For future MDOT planning the 60km network spacing should be 
appropriate and selection of new ESS sites should be adjusted to integrate existing NWS sites.  To obtain 
the full value of the ESS sites for forecasting purposes, they need to include a full set of atmospheric 
sensors as well as road condition sensors. 

Benefits would be derived from the deployment of additional sites should additional or construction-
specific funding become available.  

Procurement Considerations for Connected Vehicles  

The CV Program offers an extensive expansion to the road weather data acquisition capabilities and may 
substantially transform road weather analysis techniques.  However, this program is not likely to mature 
to the point where it becomes a viable road weather resource in the immediate future.  Therefore, our 
recommendation is for MDOT to monitor the progress of this program and continue research and 
development efforts in the establishment of the program. MDOT should leverage the guidelines for 
Deploying Connected Vehicle Enabled Weather Responsive Traffic Management Strategies and the 
MDOT statewide CV Strategic Plan to ensure all future road weather CV initiatives are aligned with 
�D���K�d�[�•���•�š�Œ���š���P�]�����‰�o���v�����v�����š�Z�����o���š���•�š���&�,�t�����P�µ�]�����v�����X An alternative approach is to initiate the design 
and development of a system to collect information from CVs and other mobile platforms. 
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APPENDIX A - MDOT RWIS Program Description  
�D���K�d�[�•�����Æ�]�•�š�]�v�P���Z�t�/�^�����Œ�������}�u�‰�Œ�]�•�������}�(�������À���Œ�]���š�Ç���}�(���(�]���o�����Œ���•�}�µ�Œ�����•���š�Z���š�������‹�µ�]�Œ�����v�����Œ-real time road 
weather information and systems that collect, store, process and disseminate the information for the 
end users. This section provides a brief overview of the resources and systems currently supporting the 
RWIS program in Michigan.  The graphic below illustrates the existing data exchange environment in 
which MDOT currently utilizes to support the road weather program.  

 

Figure 1: Relationship of Resources and Systems 
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